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SPECIFICATION 

1. Title of the Invention: 

OPTICAL INFORMATION RECORDING CARRIER 

2. Claims: 

1. An optical information recording carrier comprising 
a substrate and an information recording material layer formed 
over the substrate, said layer being evaporated, vaporized, 
melted, or reacted by laser light applied thereto to record 
information, wherein said information recording material 
layer comprises a composite layer of a metal and an oxide and 
has a semi-metal layer made of a carbon layer, a silicon layer, 
or a boron layer and having a high melting point at least on 
one side of said information recording material layer. 

2. An optical information recording carrier as claimed 
in claim 1, wherein the oxide in the information recording 
material layer contains one oxide selected from the group 
consisting of Sn0 2 , Fe 2 0 3 , Sb 2 O s , Mn0 2 , V 2 0 5 , and oxide containing 



at least one or more of these oxides, 

3* An optical information recording carrier as claimed 
in claim 1, wherein the metal in the information recording 
material layer contains one metal selected from the group 
consisting of Cr, Mg, Ti, Zr, V, Nb, Ta, Mo, W, Mn, Fe, Co, 
Ni, Cu, Ag, Au, Zn, Al, In, Sn, Pb, Sb, and Bi, or an alloy 
containing at least one or more 'metals selected from the group 
of the metals described above. 

4. An optical information recording carrier as claimed 
in claim 1, wherein the composite layer of the metal and the 
oxide for the information recording material layer has a 
structure in which metal particles are diffused in the oxide. 

5. An optical information recording carrier as claimed 
in claim 1, wherein the composite layer of the metal and the 
oxide in the information recording material layer has a 
structure in which a plurality of metal layers and a plurality 
of oxide layers are laminated in a multi-layer. 

6. An optical information recording carrier as claimed 
in claim 1, wherein the thickness of the information recording 
material layer ranges from 20 nm to 400 nm. 

7. An optical information recording carrier as claimed 
in claim 1 , wherein the thickness of the semi-metal layer having 
a high melting point ranges from 10 nm to 200 nm. 

8. An optical information recording carrier as claimed 
in claim 1, wherein the total thickness of the information 
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recording material layer and the semi-metal layer having a high 
melting point ranges from 3 0 nm to 600 nm. 

9. An optical information recording carrier as claimed 
in claim 1, wherein at least one or more optical information 
recording structural layers constituted by two layers of the 
information recording material layer and the semi-metal layer 
having a high melting point which are laminated in sequence 
is formed over the substrate. 

10. An optical information recording carrier ais claimed 
in claim 9, wherein at least one or more optical information 
recording structural layers constituted by two layers of a 
composite layer of Cr and Sn0 2 and a C layer which are laminated 
in sequence is formed over the substrate. 

11. An optical information recording carrier as claimed 
in claim 1 , wherein an optical information recording structural 
layer constituted by three layers of a first semi-metal layer 
having a high melting point, an information recording material 
layer, and a second semi-metal layer having a high melting point 
which are laminated in sequence is formed over the substrate. 

12. An optical information recording carrier as claimed 
in claim 11, wherein an optical information recording 
structural layer constituted by three layers of a first C layer, 
a composite layer of Cr and Sn0 2 , and a second C layer which 
are laminated in sequence is formed over the substrate. 

3. Detailed Description of the invention 
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The present invention relates to an optical information 
recording carrier which is evaporated, vaporized, melted, or 
reacted by laser light applied thereto to record information. 

Laser light is applied to the optical information 
recording carrier rotating at high speeds to record information 
bits in the recording thin film of the optical information 
recording carrier and the recorded information can be read out 
by applying laser light thereto. It is possible to conduct 
the real-time recording and reproducing of the information and 
to get random access at high speeds. There are two modes for 
forming the information bits in the optical information 
recording thin film, that is, a heat recording mode and a mode 
of changing the optical characteristics of substance, for 
example, a refractive index or a reflection factor. In the 
heat recording mode, thermal energy with high energy density, 
such as laser light, is converged on a spot and is applied to 
the optical recording thin film to evaporate, vaporize, melt, 
or diffuse a part of the thin film, whereby a part of the thin 
film is removed or deformed to form a small pit thereon. The 
optical information recording thin film of the heat recording 
mode is required to have the following characteristics: the 
thin film has a large absorption coefficient of light and a 
low melting point so that the thin film is easily effectively 
heated, evaporated, vaporized, or melted, and is removed when 
the laser light is applied thereto; it has a suitable thermal 
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conductivity and is small in energy required to write 
information; it has no grain boundary or a sufficiently small 
gain size compared to a writing pit diameter so as to increase 
a readout S/N ratio; it is shaped not in an island but in a 
uniform film; and it is highly stable for a long time. A film 
made of Te which has a low melting point, a high light absorption 
factor, and a suitable thermal conductivity, or a film 
containing Te as a major constituent has been known as the 
optical information recording layer satisfying such 
requirements, but the Te-based film has a problem that it is 
deadly poisonous. Although there are Bi, In, and Sn as 
materials for the optical information recording layer, each 
of which is alternative to Te and is weakly poisonous and has 
a low melting point, they have the following drawbacks: they 
can not produce a good pit shape because they can not provide 
a thin continuous uniform film and because they are larger in 
thermal conductivity than Te; they have a low S/N ratio; they 
are apt to oxidize and are low in stability and inferior in 
durability at high temperatures and high humidities; and they 
are inferior in mechanical strength. A sandwich structure in 
which a metallic film having a low melting point such as Te, 
Bi, In, Sn, or the like is sandwiched between oxide films such 
as Si0 2 film, or a method of making Te, Bi, In, Sn, or the like 
into a cermet film has been proposed as a method of overcoming 
the above drawbacks. However, any method is not sufficient 
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from the viewpoint of a pit shape and durability. 

The present invention has been achieved on the basis of 
the results of a research, and it is an object of the present 
invention to provide an optical information recording carrier 
which overcomes the above described drawbacks and has more 
excellent writing characteristics and durability- In 
accordance with one aspect of the present invention, there is 
provided an optical information recording carrier having an 
information recording layer which is formed on a substrate and 
which is evaporated, vaporized, chemically reacted by laser 
light applied thereto to record information, wherein the 
information recording material layer is made of a composite 
layer of metal and oxide and wherein a metal layer or a 
semi -metal layer, or a semiconductor layer including a carbon 
layer, a silicon layer, or a boron layer and having a high 
melting point (in the present invention, hereinafter referred 
to as a semi-metal layer having a high melting point) is formed 
on at least one surface of the information recording material 
layer. 

The present invention will hereinafter be described 
further in detail with reference to the drawings. 

As a substrate 1 of an optical information recording 
carrier 5 in accordance with the present invention, in the case 
where a passing light is used for readout, a transparent glass 
plate, or a sheet or a film which is made of polymer such as 
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poly(methyl methacrylate ) , poly (ethylene terephthalate) , 
polypropylene , polycarbonate, poly (vinyl chloride), 
polyamide, polystyrene, or the like or polymer modified 
therefrom, or copolymer thereof, or a blend of these polymers 
or copolymers is used; and in the case where a reflection light 
is used for readout, a substrate made of above described 
material and having a reflective coat applied thereto, an 
aluminum plate, or an aluminum alloy plate is used. 

An optical information recording structural layer 4 
having a given number of layers of an information recording 
material layer 2 and a semi-metal layer 3 having a high melting 
point is formed on such a substrate 1. A composite layer of 
metal and oxide is used as the information recording material 
layer 2 . As the oxide of the composite layer, Sn0 2 , Fe 2 0 3 , Sb 2 O s , 
Mn0 2 , V 2 0 5 which can have some different oxidative states, or 
a combination of at least two or more of them, or a material 
containing one or more these metal oxides can be used. Also, 
as the metal of the above described composite layer, from the 
viewpoint of providing the layer with the capability of 
absorbing laser light, one metal selected from the group 
consisting of Cr, Mg, Ti, Zr, V, Nb, Ta, Mo, W, Mn, Fe, Co, 
Ni, Cu, Ag, Au, Zn, Al, In, Sn, Pb, Sb, and Bi, or an alloy 
containing at least one or more metals selected from the group 
described above can be used. In accordance with the present 
invention, a semi-metal layer 3 having a high melting point 
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and including one element selected from the group consisting 
of C (carbon) layer, Si (silicon) layer, and B (boron) layer 
is formed on at least one surface of the information recording 
material layer 2 . The pit of the optical information recording 
structural layer 4 in accordance with the present invention 
is formed mainly by the phenomenon that the oxide layer is 
changed into another oxidative state by laser light applied 
thereto to produce gas and that the produced gas plastically 
deforms the semi-metal layer having a high melting point. As 
a matter of course, there is a possibility that the recording 
layer undergoes a slight change, but the change is a secondary 
one so long as a present writing power level (less than 10 mW) 
is used. 

Therefore, it is preferable that the metal constituting 
the composite layer is made of a metal having a comparably high 
melting point so that it helps to absorb laser light and that 
it contributes to a reaction to some extent to resist melting 
and vaporizing by itself. From this point of view, among the 
metals described above, Cr, Mg, Ti, Zr, V, Mn, Fe, Co, Ni, Cu, 
and Al are good, and Cr is the best of all in terms of durability. 
Carbon, silicon, and boron are selected for the semi-metal 
layer having a high melting point because it is thought that 
since these elements have a high melting point, the interaction 
of these elements with the information recording material layer 
2 is less than that of the oxide and that they are easily deformed. 
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In addition to this, the optical information recording 
structural layer in accordance with the present invention has 
the following features: 

(a) If the thickness of the semi-metal layer having a high 
melting point is determined in a suitable range, the reflection 
factor of the optical information recording structural layer 
for the wavelength of the laser light can be reduced, which 
can greatly improve a writing sensitivity; 

(b) An organic substance is thought to be used as another 
substance for generating gas when a laser is applied thereto, 
but the oxide used in the present invention is superior to the 
organic substance in long-term durability. Further, it is 
advantageous in a manufacturing cost to make the optical 
recording structural layer only of inorganic substances, as 
described in the present invention, because a production 
process is made simple; 

(c) The metal such as Cr, Ti, or Zr, by itself, is larger in 
thermal conductivity and is much lower in writing sensitivity 
than Te, but a combination of the metal with the oxide is capable 
of adjusting the thermal conductivity or heat capacity. 

The thickness of the information recording material 
layer 2 in accordance with the present invention is determined 
by the sensitivity, the size and the durability of a recording 
portion, and the like in writing by a laser , and suitably ranges , 
for example, from 2 0 nm to 4 00 nm, more preferably, from 4 0 
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run to 250 nm. Also, the thickness of the semi-metal layer 3 
having a high melting point made of such as C, Si, B, or the 
like is determined by the sensitivity, the durability and the 
like, and also depends on the wavelength of the laser and is 
determined so that a reflection factor for that wavelength is 
reduced to the minimum, and suitably ranges from 10 nm to 200 
nm, more preferably, from 20 hm to 600 nm. Therefore, the 
thickness of the optical information recording structural 
layer 4 including the information recording material layer 2 
and the semi-metal layer 3 having a high melting point suitably 
ranges from 30 nm to 600 nm, more preferably, from 60 nm to 
350 nm. 

The information recording material layer 2 in accordance 
with the present invention may be a composite layer, as shown 
in FIG. 4, in which metal particles are diffused in the oxide, 
or may be a composite layer, as shown in FIG. 5, in which oxide 
layers and metal layers are laminated in a multilayer, wherein 
each of the oxide layers and the metal layers has a thickness 
of 0.5 nm to 50 nm. In this respect, the latter composite layer 
has little effect on writing characteristics. Also, the 
latter composite layer is advantageous in production because 
each evaporation source can be controlled by itself. 

In the present invention, as shown in FIG. 1, the optical 
information recording structural layer 4 may have a simple 
two-layer constitution comprising the information recording 
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material layer 2 and the semi-metal layer 3 having a high 
melting point which is formed on the information recording 
material layer 2, or as shown in FIG. 2, the optical information 
recording structural layer 4 may have a three-layer 
constitution in which the information recording material layer 
2 is sandwiched between the two semi-metal layers 3 having a 
high melting point. Further, ih the present invention, in the 
case where the optical information recording structural layer 
4 may have the three-layer constitution, it is preferable that 
the semi-metal layers 3 having a high melting point sandwiching 
the information recording material layer 2 are made of the same 
kind of material in the technical aspect of forming a film, 
but the semi-metal layers 3 having a high melting point 
sandwiching the information recording material layer 2 may be 
made of different materials selected from the group consisting 
of the metals described above. Further, in the present 
invention, one or several layers of functional layers such as 
a reflection layer, an insulating layer, a protective layer, 
an undercoat layer, an alkali barrier layer, or the like, or 
several layers of a 1 combination of various kinds of the 
functional layers can also be formed on the top surface or on 
the bottom surface of the optical information recording 
structural layer 4, or on the surf ace of the substrate opposite 
to the surface on which the optical information recording 
structural layer 4 is formed. For example, in order to increase 
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a change in reflection factor before and after the writing of 
data to the optical information recording carrier, it is 
possible to form the optical information recording carrier of 
five layers including a semi-metal layer having a high melting 
point/a recording material layer/a semi-metal layer having a 
high melting point/a thermally insulating layer/a reflection 
layer/a substrate (for example, a C layer/a composite layer 
of Cr and Sn0 2 /a C layer/a thermally insulating layer/an Al 
layer /a substrate) and to write and read data to and from the 
optical information recording structural layer side. Further , 
in order to write and read the data to and from the substrate 
side, it is also possible to form the optical information 
recording carrier of five layers including a reflection layer/a 
thermally insulating layer/a semi-metal layer having a high 
melting point/a recording material layer/a semi-metal layer 
having a high melting point/a substrate (for example, an Al 
layer/a thermally insulating layer /a C layer/a composite layer 
of Cr and Sn0 2 /a C layer /a substrate) . 

In the present invention, a method of forming the 
information recording layer and the semi-metal layer having 
a high melting point on the substrate is not particularly 
limited to a specific method, but various kinds of film-forming 
methods such as various kinds of vacuum evaporation methods, 
various kinds of sputtering methods, various kinds of ion 
plating methods can be employed. 
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The embodiments in accordance with the present invention 
will be described below. 
(Embodiment 1) 

A circular float glass substrate excellent in surface 
smoothness (diameter: 85 mm, thickness: 2 mm) was prepared and 
the surface thereof was ground with cerium oxide and then was 
cleaned with a commercially available neutral detergent and 
gauze and was sufficiently rinsed with city water, distilled 
water, and ethanol in this order, and then was dried with 
nitrogen. This substrate 10 was attached to a rotating 
substrate-supporting member 12 in a sputtering unit 11 shown 
in FIG- 6. Carbon targets 13, 18 placed on a stainless plate, 
a chromium target 15 placed on a stainless plate, and a tin 
oxide target 16 placed on a stainless plate were used as 
sputtering targets . To form layers, first, the substrate- 
supporting member 12 was set on a shutter 14 and a vacuum chamber 
15 was evacuated to 10" 7 Torr level and then a highly pure argon 
gas was introduced into the vacuum chamber to control pressure 
to 3 x 10" 3 Torr. Carbon was sufficiently pre-sputtered and 
t*hen the shutter 14 was opened and a coating was started with 
the substrate 10 being rotated. Electric power impressed on 
the target 13 was controlled such that the thickness of a carbon 

layer became about 2 00 A . Next, the substrate-supporting 
member 12 was moved over a shutter 17 and then Cr and Sn0 2 were 
sufficiently pre-sputtered and then the shutter 17 was opened 
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and Cr and Sn0 2 were alternately laminated in many layers with 
the substrate 10 being rotated. Electric power impressed on 
the targets 15, 16 was controlled such that the thickness of 
one Cr layer amounted to about 10 A and that the thickness of 
one Sn0 2 layer amounted to about 20 A . Finally, the 
substrate-supporting member 12 was moved over the shutter 19 
and carbon was sufficiently pre-sputtered like the first 
process and then the shutter 19 was opened and a coating was 
performed with the substrate 10 being rotated. Electric power 
impressed on the target 18 was controlled such that the 
thickness of a carbon layer amounted to about 200 A. The total 
thickness of a three-layer film (C layer /composite layer of 
Cr and Sn0 2 /C layer) produced in this manner was 2000 A. The 
reflection factor of the three-layer film was 2 3 % and the 
absorption factor of laser light was 69 % for the wavelength 
of an He-Ne laser . Data were written on the optical information 
recording carrier with an He-Ne laser (writing power: 8 mW) 
to evaluate the writing pierformance thereof. As a result, a 
recording pattern was produced in a good shape. Also, even 
if this sample was placed in an atmosphere of high temperature 

and high humidity (60 °C, 95 % RH ) for one week, there was no 
sign of change on the sample and its spectral characteristics 
were little changed. 
( Embod iment 2 ) 

As is the case with the embodiment 1, a substrate 10 was 
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cleaned and dried, and then a three-layer film made of a C layer, 
a composite layer of Cr and Sn0 2 , and a C layer was formed, 
as is the case with the embodiment 1 . However, when the C layers 
were formed on both sides of the composite layer of Cr and Sn0 2 , 
the same electric power that was impressed in the embodiment 
1 was impressed and a coating time was shorted to the half of 
that in the embodiment 1 to reduce the thickness of the C layer 
to about 100 A. The total thickness of the three-layer film 
produced in this manner was 1825 A- The reflection factor of 
the three-layer film was 28 % and the absorption factor of laser 
light was 6 0 % for the wavelength of a He-Ne laser. Data were 
written on the optical information recording carrier with a 
He-Ne laser (writing power: 8 mW) to evaluate the writing 
performance thereof. As a result, a recording pattern was 
produced in a good shape. Also, even if this sample was placed 
in a hot and humid atmosphere (60 °C, 95 % RH) for one week, 
there was no sign of change on the sample and its spectral 
characteristics were little changed. 
( Embodiment 3 ) 

As is the case with the embodiment 1, a substrate 10 was 
cleaned and dried and then was placed on a substrate-supporting 
member 12 and the substrate-supporting member 12 was set on 
a shutter 17. A vacuum chamber 15 was evacuated to 10" 7 Torr 
level and then a highly pure argon gas was introduced into the 
vacuum chamber 15 to control pressure to 3 x 10" 3 Torr. Cr and 
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Sn0 2 were sufficiently pre-sputtered and then the shutter 17 
was opened and Cr and Sn0 2 were alternately laminated in many 
layers with the substrate 10 being rotated. Electric power 
impressed on targets 15 , 16 was controlled such that the 
thickness of one Cr layer became about 10 A and that the 
thickness of one Sn0 2 layer became about 20 A . Next, the 
substrate-supporting member 12 vas moved over a shutter 19 and 
carbon was sufficiently pre-sputtered and then the shutter 19 
was opened and a coating was performed with the substrate 10 
being rotated. Electric power impressed on the target 18 was 
controlled such that the thickness of a carbon layer became 
about 200 A. The total thickness of a two-layer film produced 
in this manner was 1835 A . The reflection factor of the 
three-layer film was 22 % and the absorption factor of laser 
light was 74 % for the wavelength of an He-Ne laser. Data were 
written on the optical information recording carrier to 
evaluate the writing performance of the carrier, as is the case 
with embodiment 1. As a result, a recording pattern was 
produced in a good shape, and even if this sample was placed 

in an atmosphere of high temperature and high humidity (60 °C, 
95 % RH) for one week, there was no sign of change on the sample. 
(Embodiment 4) 

In this embodiment, a Zr target was used instead of a 
Cr target and a three-layer film (C layer/composite layer of 
Zr and Sn0 2 /C layer) was formed according to the same procedures 
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as in the embodiment 1. The total thickness of the film 

produced in this manner was 2575 A. The reflection factor of 
the three-layer film was 18 % and the absorption factor of laser 
light was 81 % for the wavelength of an He-Ne laser. Data were 
written on the optical information recording carrier to 
evaluate the writing performance of the carrier , as is the case 
with embodiments 1, 2, 3, As a result, a good recording 
pattern was obtained and there was almost no problem in 
durability. 

The test results of the specimens obtained in the 
embodiments 1 to 4 will be shown in Table 1 . 



Table 1 







Light absorption 
factor (for wavelength 
of a He-Ne laser) 


Shape of recorded 
pattern(writing 
power: 8 mW) 


Durability (60 
°C, 95 % RH , 
for one week) 


1 


Sample obtained in embodiment 1 


69 % 


good 


not changed 


2 


Sample obtained in embodiment 2 


60% 


good 


not changed 


3 


Sample obtained in embodiment 3 


74% 


good 


not changed 


4 


Sample obtained in embodiment 4 


81 % 


good 


not changed 


5 


Comparative example (Te single 
layer, thickness: 70 nm) 


45 % 


good 


changed 



As described above, the optical information recording 
structural layer of an optical information recording carrier 
in accordance with the present invention has the following 
excellent advantages : a high light absorption factor when laser 
light is applied thereto, small energy required to write data, 
easy writing, good recording pattern shape, good durability, 
and low toxicity. 

4. Brief Description of the Drawings 

FIGs . 1 to 3 show cross-sectional views of a part of an 



optical information recording carrier in accordance with the 
present invention. FIGs. 4 and 5 show cross-sectional views 
of a part of the optical information recording material layer 
of the optical information recording carrier in accordance with 
the present invention. FIG. 6 is a schematic view of a device 
for manufacturing the optical information recording carrier 
in accordance with the present invention. 
(Description of Reference Numerals) 

1: substrate, 2: information recording material layer, 3: 
semi -metal layer having a high melting point, 4: optical 
information structural layer, 5: optical information 
recording carrier. 
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(54) OPTICAL INFORMATION -RECORDING MEDIUM 
(11) G1-312SS (A) U3) 13.2.1986 (19) JP 

(■n) Appl. No. 59*152043 (22) 24.7.1984 

(71) ASAHI GLASS CO LTD (72) MAMORU MIZU HASH 1(3) 
(51) Int. CI 4 . B41M5/26,G11B7 24,G11C13 04 

PURPOSE: To obtain an optical information-recording medium having excellent 
writing characteristics and durability, by a construction wherein an information- 
recording material layer consisting of a composite layer of a metal and an ox- 
ide, and a metal, semi-metal or semi-conductor layer consisting of a carbon 
layer, a silicon layer or a boron layer and having a high melting point is provid- 
ed on at least one side of the information-recording material layer. 

CONSTITUTION: An optical information-recording layer 4 comprising predeter- 
mined numbers of information-recording material layers 2 and high melting point 
semi-metal layers 3 is provided on a base 1. A composite layer ot a metal and 
an oxide is used as the information-recording material layer 2. The semi-metal 
layer 3 selected from a C (carbon) layer, an Si (silicon) layer and a B (boron) 
layer is provided on at least one side of the layer 2. When the thickness of the 
laver 3 is selected from an appropriate range, a reflection-preventing effect is 
obtained, wherebv the reflectivity at a laser wavelength of the optical informa- 
tion-recording layer 4 can be lowered, and the writing sensitivity can be thereby 
markedly enhanced. 
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